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I ft fF ft * <r> m H ] . 
I M * * 1 1 

(a) (i) C a- C , 8 iE©*3 £ Tf/ * ft mT )V*;V T )V = -/VO (y*) 

r) — h:n*7 t A'ttl 0-8 5 i; % £ , 

(i i) 6 ~ 2 0 fiOj^^S^^^W^^iaft^ fc^^iafP^^T/W^-^O (y*) 7 
^ y u - l^x^f ^jfil 0-7 0 1l g % £ ^ '> ft < HlO(D*i*», *5 ± * 
■(b) zKttcoffifls:, -« flk ^fclib-t^/u^^g^Sr 

m E *& $ • *Hfc fi d p d ft i xt /< - y >v >r T m ii K ft ffl £ ix , Bfi E it « & ffi & ri 5 ^ T ^ 7 m 
ric»-C&5»^s l»B^7^Ta*«l*W«E»»**r**ftv^ia**. 10 
[»*«2] 

as is (a) (i) « $ s x *s « ryt^f^ < y * ) r^yu-h, n - 7 * ( y * ) 

7 9 V U - h , 4 V Zf *f frT ? V Is - h s t-^f/b (^) 7^!)V-K 2 - y /V 
;l^7^ U l/ - ( y * ) 7 ^ y U- - h , n-^^^/U ( y * ) ' 

7 * y u - K * y ; ( y * ) 7 * y ^ - b , 7 * y A- ( y * ) T !J w - K *■ ? 

* r > /u ( y * ) r * .y u - k fc±t/-*ftbwa*b*^ E>4ssi(niR*h5, ft 
#jgiicE$t<7>*a/&fto 

[ W * * 3 .] 

SUE ( a ) ( i i ) ttj*K**s, trs/^ d [ 2 . 2 . i ] f>*-f + *> (y r> y f 
. r ¥ y a* ( y * ) T'* sj u - K 3, 5 - ^ y ^ /u'r ^-^>^/u(y*)7^yu- 20 
- h , ^ y = ( y * ) 7 ? y u - h , h!)^ (^) 7 * y u - K 7x^^ (y 

* ) r^yu-h, t-^f^7xs/i/ ( y * ) r^yu-h, 2 - -r y ^ ^ ( y * ) r 

^yu-h, 'O'^/M ?^ !)■!/ - h, oa^^>;M ^ y I/ - h s * > & * 9 ? 

yu-h, 3 , 3, 5 - M ^f/^>^ d^^vz/M ^ !) ^ - K v ! i/^^yf^/l' 

( y * ) r^yu-K 2 - ( v ^ d ^ > 7 1 = * * i/ ) ^^/u ( y * ) 7 ^ y u- — h 
. * J: tf *ix ©li^fo*^ b 4 W J: 9 BR *-Jx« , fl!#gsifcE*0>fi#ft. 
I If 4 J 

i»E*m**^jKi2om*%s-eojR*tt*y^-sr$e>(c$tp % is * jg i k e * <*> «a a 

%0 o ... 

[ a * * 5 1 30 

ittK3B*ttfty-*-a J , r^yyuK, ^n^st, n - ^ ~ yu - 2 tr n y k > , & <£ 
xfztibcnm&fr&frbtezmxvmyiztiz. nxx 4 \z nut tomtit® . 
[ a» * * 6 ] 

flftEft**3& $ 7-</UA(Cfilc^$iX, iite7^UA^ASTMD 2 9 7 9-9 5l:ffioT^ 

nt5i»5 o g**ott»*sr*r-r5. m * * 1 iw e « o) » dc « . 

[ IS * 4 7 ] 

fftw.mj$.m&y * & J*izfitB & ti s «iE7^^hstmd4 3 38-9 7 id « o -c k 

R -T 5 fc #tt W SMc £ ft + 5 , IS # « l I- E « ^ *I ft o 

[ 11 * m s ] 

*IE*****ISl 1 n m*m(D¥-#}$L&£fti- % * » * « 1 I- E & j£ ft 0 40 

[ IS * « 9 ] 

* # 7 x 77>f f -'>s 13 *3 *C , 7^-^/N°r>^- s r ^ ^ ^ ^ _ ^ 7^ v/f K-) 

[ IS * 41 1 0 ] 

BuE^T^rjflfiJt*^, •> + > 7 - , = > r > 3 - , ^ T ^ y u - s a - * s fcitf 
y a frh ft S » «t 5 9 JR. * n 5 , II * 31 1 ic E tt O m fig ft o 
[ IS * ^ 1 1 ] 

3 5 l C*»^T f **+SIS*3fil«cE«^fflJ**. 50 
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111*112] 

Amwutm. ft saw, mnm, mm. tt«*y* ^««tiste±#j. as « a: * i» at 

* tt « tt »J > * tt tt *k V v 9 *s # B a tt #J , *T » *k ft # #J > * « *4 , « *sk tr * 
^ v , /n - y U tt > IS K 6 »J s -ft ft 6 ffl , tt m * ft *J > 91 * ffl , Sttt£ttSI*5J:tf 

1 icftttott'rttt. 

[S*Sl 3 ] 

[ i 4 ] 

ttG (b) C,-C4.»tt«*fctt««BIS*r/U3-/w,-*JJ:W*tt 10 

ft SB* 9 >S tR £ ft £ , IS * ElKKftoftrttt. 

[tt#« 1 5 ] 

2 - ;/ p y - &£Tf%tib<Dm&t>#frbtehmi:')mifl£tiZ>. tt * * l 4 .ic E 
ft <7) ffl j« tt o 

I tt * m i 6 ] 

t Kd !)IK$ix5g»J^$ bi^tf, tt * * 1 4l:Et 

<d m & tt . ■ 

20 

[ 0 0 0 1 ] 

* 51 W tt tt l» , m > & *fc T/ JTV ^^{fcfiioo&ckt^^ V ^ A ^ T <7) fc ^ <7) /$ tt tC III] £ 
0 tt tc Jfi tt , ffl»«c|£«ur^!*tt*tt»tt7-</i-ASr3Kj*i-S7kttT^ y/u^-* 

[ 0 0 0 2 ] 

ft 

* 4 t T tllft^S^tS 0 ft tt Ik tf> 30 O S £ ft /J> it * fc tt K it i~ 5 fc iz % # 

v -?-&{$m s tix ^5, tsLt:ti^^y -7-i«*ttt'fc?) , ^ftb<Dit$7ktt£ft 

ary^^ (Wilf, *H*ffS 5, 026, 5 4 0 * , il 5 , 1 7 1, 8 0 7 *. W\ 30 
jg 5 , 2 39, 5 5 9 p] ^ 5 , 5 16,' 5 0 8 t, nR5, 518, 712*, & J: 

ID 31 5 , 547, 659*) t!>> b , t LTfi«7yU*^ * ) T ? U U - h ( W i li 
. *l»ff* 4, 1 72, 1 2 2 * *5 «fc LF I^.S 4, 552, 755*) ^6)I5 0 * fc ± 

* [1 tt ft 31 5 , 460, 804*) , ^^UV-ai^UV-ypfU^y 
p 3/ * & £ ^ ft (Witf, * H tt W JB 6 , 0 6 0, 0 7 2 *) % fc 3 fi ft tr ~ a- 4 fc tt 
7 yA/a^f /V3*/^-*#*y ^- («itf, Waff^BWfFJfSR e . 2 9, 8 7 1 

* L % 14 L< fet^fco#4tlitt*tt«(SS:S»l:»t:i^*^o -t n b tt * « 

ft ft £ fc: * 9 * jSotft^StttSr^irL^Sr^lS^^tLtiJiv^p rft bo* £ & 40 

m t T E * £ ft fc > -f 9 T y -f 4 fc tt 8 m tt it * ffi tt , #y^-<DK5^tt<Dfcftfc:, it 

(SliWCPjEtli L < <c ^ o 
[ 0 0 0 3 ] 

i:»T,*y -^-tttffl Ltt^S. ^ T ft » JW IC *5 T tt * i#iT P 7tfy^-tt{£ffl£ft6 
Ku^A^ffitt^y-^-OfcfelCk ttLt#7^#ttfc5o rc^J:9^^-y^-tt, * ffl 
tt fF 5 , 019, 3 7 Tf-ea^biliiJftB, 7 ; K, T ^ > , 4 tt t K o ^f- -> 
/i'l , BlI«r^ 3 St^ 0 ^U^-if^li/^/K^Stt^/^-ij;, <k tt d p d *5 J: 1/ 0 * tt Jt * 
M ■ -fr tt + (- *3 ^ "C , B*tti8ftt5#!l^-^i*S:aft5:tiSTJ5. 50 
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[ 0 0 0 4 ] 

$ C)l:»]07 : /o-f TMiv << V i£fr~^T t 9 is hfc£<o»*tti*T. 2 

<0 9 - sB y - ( #J ;t E P 299, 0 2 5 *5 «fc W O 9 8 / 5 1 2 6 6 ) 33 £i £ 
ft , SSl^1 3 ^$tfi*»*Ltf|iRO7^3-/Ufi*1 3 ^(0g«tt*SlftL, *i * 

[ 0 0 0 5 ] 

# JJ - # - flJMC ftfflSftfcoftBWFK 1 *^ 762, 7 0 3 * (Abrufyn) It, 

^ T ir h V T * y )V T x K 5 - 3 0 fi ft % fc , ( a ) 5-4 8 %Oli7;v 3 - ;K ( b 10 
) 5-60 %"^SS7/U3-;l,, ( c ) 1 - 2 5%(0|g7;l/#^7;l'3-yK *5 £ 1/ ( 
d ) 1-3 0%O7/V3^vSfc(i7 !J - ;ut^^7;^;u7;^-;vo ( > 9 ) T ^ y 
U - M7r/H 0-9 5lt%t^gJS4^iftt*fe5, 1 0-4 0fi*%O*fi^^Sr 
^tt6i7k^-7^ d r^7*l^ift^i^t5c * ft , ® 8J * 1t 14 tf t * > « J* g X 
«JBI4BB*SftT*5fe1', &j§:fc<fct/Kofc£<D<t)iap p a:fe£^ 

[ 0 0 0 6 ] 

# S «Mf IS -5 , 662, 892^- (Bo l ich, Jr. b ) & . & & \£ & y > ? ^ # 

g 3* & , &j;t>'#fi£<$^fc£oi$*tt^^^ 

4r7*fij£*K 2t#C^7^7|fl*i$ri/Tirt^o i.« * I ^» li A * y - itt J: 20 
B*;-7-^fi^)7>y^*1^^5)fS$ix5c A * J - Hi (fc 14 % '>/j:<H90t 

- HM4 f* , *<J 2 5t*l©T ( fctt8**#!)^-Sr)8*t5 1 o«±*>«**tt*ey-^ 

N fi^^fcotsrffi-attipj^fco, ft#<c^^>r/Ko«»srat 60 a « # fi <*' 14 

#tt«£ffc*XSffll;:^Stt^fca. L a> L # ft * X « » 14 * llj*ft<D*ttfifc<v*Stt 
t'foSc » 4 L 1^ « it * X S »J 14 , " K « I- J: 9 » <b t>* ft * y ^ - 7 * >\> J* £ % 5 <n £ «j 

» z> 0 m it * x s so «r « « -r * * v> m <r> m & n x $ ft r ^ 5 0 7iwi 0-2 5fft# 

[0 0 0 7 ] 30 

r r ^ -e a ^ ft * « ft tt p p p m & <o fc * 1- *r ffl -c fe 5 t ih4^, t ^ «i <o & ^ m 

[ 0 0 0 8 ] 

# $g ej? *4 , itm^o^ xx^^< - y i- ^ m^(Dtc^<Dm L^^m^^^m^ t . j& <4 * 
ffi ft , S»J4fcii^t^^*«-^^o#ofei^»7ktt^y^-*^ ; fri'5o * #J 4 i i 

lc r tf> <£ 0 ft m $L ®\* s & ft s » . fcJ:tfii\oti()l:ttffl-C#5o. fi'fiR 4* 14 ft ft 3t iR , 

«m\ »iffia*itifLft*6, *£*T> tk, ff, *s J: vrnm. tc # r 5 # # * ft 

[ 0 0 0 9 ] 40 

gatSt, -i«t8W^«a«ftlis 7Ktt3i^^> ? 3>*fc«4»»ft:^}BffiT**>9, ffl 
A * tt' (a) (i) c^c,.I«fcJ;tf/tfci±»tt«7/^;u7^3-/K^ * 
) TfVi'-b^*^'^ (Sti, il^^/^-iSstS) 810-8511%, *3 «t 
V (i i) 6-2 0eo«*JK^**#1-5iaft4fc«4^fi&fP«S:r^=i-/i/O ^ ) 
7 ^ y — h ^ ^ ^ (fit ± JR 2 co * J - t J» f 5) o-7 0 J ft % £ tp '> 4 

< ioo*i§($^ ( b ) Tkttfift, * JPJ , itlift ^/H*S*tSr§*, » 

rit4*as«ffl&T*teffl£fta»'&, t ft «4 s S © fig * fiS: #1 tm4 4 0 ^ $ ft tz * m 

*2oKlfl)E^*ttfflTfc5, fiS:(^*a^*(4. fi 2 Olt%t t©8*tt*^ 

- («tl*30*;^-i»t5) t*t5:i*ti5. * 1 , » 2 % fcit;«fflt 
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t 0 0 1 0 ] 

#1-5fc£fc<£ffl£ti£ 0 r # tfc j t^iSBli, Sit lowffiis, /i" * * ft ± ft 

fc#ffii-5#tfce^££^L, 8^##«^*fc«4*iittffiT?fc0. a< * * ft a* s « « 
i t-ffl^^^-ii^se^i: Lt#fit5o ** fc ^mvt fern at mm 

g 14 ft < , p< i:^TSttt*)S: t tt*tSo »»*^fl 

KI4 9 OBlHtrlli-C, J:5ff*L'<lil SOBIBtllit, tfe#*L<B3 6 0 B 10 
^S;8iT?cSU^5c ria-frttj tv^fflHtt,.*^-^— *J*B»Jt, ^ y — fit /& 

[001 1 ] 

A . * L ^(5 © # H ft L fc , ffi^^fc(i^jcoT*t: («itf«5 OtSrii4fiS^^8 
ft Lie) 7-f^A»*-e rge^^j 4#tt^r^-r5o i^a*»tt, («-." 

# 4 L < 14 3 O »'* «^ISt5o 20 
[0012] 

«W©»j**©«jftf4W*tt7^^Afc»j*i-6IB*^*0, ft tt d p p *s ± /< - v ^ *r 

T m i§ -C *f fij ft © t <0 fc ft o T ^ £ . ~ © £ 9 ft E it T* 14 % &£*iJg<7)ft7k+4, 3£ fir Jg ft 

it, fcsiMiftil, m*fctt»ic»i-6it«tt* s si***L6 0 #j ee t. ft s ft a d p d m & t l 
r (4 s m x. « * io y , y 7 > b > , is $> cc , 7 * - * y - , 7^7^ t-, 

r. >r v" * k * . vi^rar, fcitfaa, -t ft * ft a o p D * * if t tt a e e>j he t ft 5 
/< - y -r /u -jr r ffl & £ l r tt % m * ff ^ r <r t Hi p p n % a x it , & * « s »k * * > * y - 

A , ^f^f D--> 3 y, # r -f * ^ l" - , :feJ:tfBttttJL**ja*# If ft «£ d°d * fc 

tt - y * * r © - H It «t TM4 , a*ftliiaSftIIS:!lll:Lt*8*#0 5 0 
li%*iSSr««f 5c 30 
[0013] 

% 01 (7) a fi£ m £ > -V > ^ - , = > *f 4 > 3 + - % is * * s A - 7, ft f (D ^ T * T §^ d p d X* ffi 

S S » b6 ft J ^ T 4r T M t tt , Sf ft *t f4 * tz it ?R O ® ffl ft L 1^ Hf QL 4 14 *t jE T # 5 
S«»*S*tS. ^J^lf rjjxT*9j *fcf**-y h^ijxfc (SLftt) ^^lc, 
9 4 /u & It « ■* "fc Ii#lt5t6i:, 7K*fe«4fcb^5»ffi^HS»Jft^co«Tfc*tt»*> 
5 » 14 s& 5 ft ^ . ffl ^ * *4 , 10^2 4^IBft4roftl*Wlwbfc9*«p*>U..»^tt 
<D h 2>mrt$h%* *£*ft-f * 40 
[0014] 

ita^fc^i:, *w^*ajs)t»f4-ft«"c*4, tk tt s * , » so ^ ^ (4 tr t * /u t , mi 
<o * j -7 - , » 2 o * y ^ - , ^it/tttciso^y^-^tt^^/^t^io^* 

l^fr^^f t5c #«J*5*0)**3±t;«t«J4, ^?3©ffl^^/i 5 l£^^lc^»ft#* 
JISIr*t5^itt#ttftt7^Afc»rtt6i e> ^ » « $ ix 5 . ^ < o^^co^Jgffi« 
TM4 > *IfiEftB§£gf ttt^t^c jart««r«JSlt-*"**j*»»«>**t'f r *tK:oV^TI4, 

T » ffl «B ^ 5 o ::twfflfet'ii, r^a^^j (4m-^y^-4^i4m-^^^y 
^ - ^ , 2oj^±co^y^-^e>, ifc(4#y-^— tioEJL±©*y-^-^bai!it-e# 

5o 50 
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[0015] 

g i <n*c j z z 

Sio*;^-iittf^»*tt-cfc5, tniittffl* 1 0-8 5li%S: 

(D ( * ) 7 ? y iz-hx^T/vt-fc^o jfiL^Si LTIi» Hxlf^ V 

* 9 )V { * 9) 7 9 ]) u - h , n-^f/i/ ( ^ ^ ) 7 * !J l> - K V^f ^7^ y U 
^ K t - y ^ ( > * ) 7 * !J U — K 2-^f/^f^7H l^-K 2-^:f*/W^ 

* yv ( ^ * ) T^J^K'n-ti'f^ ( * 9 ) 7 ^ y u - h . ^y/~/b (^^) 

7 ^ y u - b > 7 ^ y ;u o # ) r^yu-h, *■ * * ^ ( ^ * ) r ^ y u — b , *s 

* )\> 7 9 y ■ ■ U - h , n-yf^7#!l l^-F, 0.**f^7^!l 1/-K 2-^^/1' 

y^/ur^yu-h^i^^tLb^s^^^^tf^ix^,, 

[0016] 

c ^ffl^/-^-j^#^^10-7 0a#%^«^i-5 o ^ ft J4 6 - 2 

0 fl (7) M HJg * Sr S ft ft * fc {i^ftftSSA 7 iv => - /i/O 7^,y u-fx^ 

f /K'fc^p. »* iv^jg2©*;^-i Ltfi, « £ ff (l) ^&<it.6flojR*w : f- 

Ht^ffi'>^ t3 7/^/l'7/l/3-;K *3 J: (2) 5? § K 7 yu =i — , <£> i£ *i* S£ t£ 7 

2<7>^r/^-i:LT{4, t' ^ p ■[ 2 . 2. 1 ] ^ ^ ^ ( ^ ^ ) 7 * y u - h . 7 ^ 

>- f- yl^ * ) 7M 1^ - K 3, 5 - *J J *f- 7 9 y fA* ( > 9 ) 7 ? y U ■ — h > 

y tK yl, n yu ( > * ) 7M l/ - h ] J ^ 9) T 9 ] J U - h . V a =• ^ (> * ) 7 ^ 

y u - h , t-^f^7i=^ (^) 7ni/-h, 2 - y 7 >U ( j 9 ) 7 ^ y U 

K ^<>y/M H U ^ - K D^^r ->yu^ ^ !i I/ - K * *s f As 9 9 V \s — V 

7 £ y U - h , 2 - ( x ~> 9 o ^ > ~ A* * > ) z=- ^ /V 9 ) 7^yu-h % *5 itf 

[0017] 30 

gBCt^o^oltitttt, # fi £ ft 14 , ftffl$ii5 ; eyv-gtofi2 Olfi%* 
■eSr«fiK1"5JB3^*y^-S:$?>«c$tr. » 3 S ^ • & 

*tt*y^-*a*iitfri:-C*»3ft«a#*ix, * « * fc f4 * > :/ - i 3 Bfc.* tf s « 
ic 4 9 , ^^{k^gttLT**T'^yv-75S^a^i:^J:9(-*5e Rfc * (4 > * > ^ - 

if <n ft «f ^ a * a $ *l ^> ffl ii it * 5 *cft l N 0 

[0018] 

tSBtltMtSC^iLfc****^-!^ t K p ^ 5/ , ^ - x , 7; K , 7 ^ 

feit^^^sJO'K, * >mt tztt* * * ffe tt6t^T'fc5 0 ft * « 40 

fc L T 14 , ( * 9 ) 7 ^ y /u 7 5 K , ( ^ * ) 7^yu-h. #y^ 

f uy^y y x-f/^^ y o ^ ) 7^yu-hs N-t'^^-2-t°p.y k 

y > N - \f =. )V ft Ms T $ K , N-t'xyU7th7^ K , 2 - t K o ^ > j. f - yU (> ^ ) 
7 y u — h , t F^y^ofc'^TH i^-K if =. A* \* !) > * N , N-^if ;W7 
; yxf/M H !) ^ - K N, N-v J >^-y^7^/^^yi- ( 9 ) 7 ^ y U — h . N- 
t - yf ; u7 ; y xf ;U7^ y i/ - 7^yyug£, ^^^yy^^, 4 9 = > K . u -Y 
> K , 7 t yu< It s t = ^$.lf 8, 2-*^***>^9-/i'7 p ^y^ — K 2 - ^ * ^ i ^ 
/t- ( / 9 ) 7 ^ J u - K fc«tt;4-t f -/i'7xx/i/^^*y8*s#ifb*iio 
H7f<i4^/^-(4, 7^yyu^, ^ ^ ^ y ^i, N-t'xiyU-2-fny *3 J: t/ * 

tiboB**t*8, ll7Kti^y^-oft(4, i»ft«*tttiit5 J: 5Cff* L< fi* 50 
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* J -r - <D m £ S O ft 2 0 % £ ft x. -f , <fc 5 » * L < (4 US) 1 0 % -e fc 5 o L L g £ * It 

"C te -5 p o 
[0019] 

|ijtfti«*tt4trt:«!iftti:Lft^iTttl8t5 4?)tf, tt * & ft . Sf»S> fcS^ 
14 ^ CO fife <D I ft ^ fc £ I- , #££{M£*<BfllO*y^--S:£ftTt>&v , >o 
fdl<D^/^-<£>0!l£:L-CI4> t"^ ;u x ^ t ;K t'^/K ~ l J t > . 

C,^Ci7^*A'7^3-/l'© ( ^ 9 ) T^yu — h^^T-/U, ^1X^/7^ y^t 
IE # y * ^ I" ^ fc J: # y 7« 7" A- .2/ n * * ^ ft ^ <£> jK # iF- ^ / ^ - ^ ^ if ^ tt S e 10 

[ 0 0 2 0 ] 
^-£ft 

38 91 <o *& J* W i* , 2o^io*i^ft^)ii^ft^§ip: HK'f § 0 *i e> <a Jg -& ft 14 v 
pj * rt (i) 2ow±<o*tt^*ff*fcrt^^^^3>^a^i-a-ti-J:"9. fc £ vm4 

ft 4 ft fc 7 4 * » A » # fc 6 # ft * * fc tt ^ ^ ^ & a ^i J #5) ii5. 
[0 0 2 1 ] 20 

$g BH O ffi A * 14 , TkttSff^^^^^^HV^^fi^tkft^^ffiSrffiSo ffi f£ <t L T 14 , 

* , * tf C , - C , # ft gl 4 fc (4 Kg) SbBS7/^-/K fS ffi T - ,u if co * % ft 

„ - ^ o y - /l/ , fc J: 1/ 2 - y d /< J - (3 PA) ~C fc £ 0 S»J ^{£ffl£ft£*i'&s 

* * L < (4 jS SJ £ * i: O Jfc * 14 , 20 : 80-90 : 1 0 w / w fc 9 , i 9 S i L < II 
Jfc*tt 3 0 : 70-85 : 1 5 T fc 3 . « L T * » ft ft * » * «fc *5 ^ ^ ^ <b . <fc «9 i£ f£ 

[0 0 2 2 ] 

«MX-aiAAPftftiSIH«r^A/-Cf>J|if^. M x. 14 ^ * if ^ ^ *J > o * * > (HMDS) . 30 
^SS^y^-V (D^itfD.) > Perme thy 1 9 7 A fc <fc I sopa r 
C4^^^ 7 ^ y^rlj: t^Ca-C , 0 7/^ 7 t h t v * 7 fr* 

dx-t^ (HFE) 4^wt(O(|05ffia4I8S:t58»l«:.ttfflt5:i tt'JS. H 
FE 7 10 04?©*tOHFEIl, #^ffl^"Ci6*DW**iJ^Sr^-r5c t Ko7 

/V n - /V jg ft (C 1 5 - 2 5 £ * % CO U yU "T 5 t . ffl fife ft 14 * tt (C 4 5 • 

[0 0 2 3 ] 
{fc tt D p p mfc® 

$g B (7) m yw 3 > $ ^ 14 £ ft # 14 , t©ftott»*lOft Li:, #J x. 14 S @ £ #K A J* « 

a *r x ifcn8w^ = *a7Ht, ft«Efpiwot«)i:»a-e»fflTfcs. * n (4 * t 

CH^TiS. r co i 5 fc^^ t LX 14. AJittfbfl. » S M . * <D «b<D y 4 * J»'m & 

y ^ - , * s « , a » , ft *4 , 1.1 m m * mmx ±vmmitmm±fii& ±x*mtti&\, v v * 

x , ff S ft tt «l *5 X Xf * * S S tt #J > B W > * « » > # *4 s *5j:WBi)SWjh» 

*J , i <t It , tr * S ^ , - ^ tt ffl • , SJ *'J J: rH Ji #K >K IS * fc I4.fi « S * fc 14 » 

[0 0 2 4 ] 
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^^aiiii:t»ii?sti7 y -7 ^*/^i*ts e x> t tz u 1 y v $ ^ m ffi ft a t . 
a & m tb n « * / - t r & l r s £ 9 s # 1" ^ o s £ n *fr m it t ? y - ? & * a>m 

& r ^ ^ a v , mwts & £i?Bm&&fe<Dffim.& z ti\z.m < 0 

[0 0 2 5 ] 

1^5S*Slll?*ltl:»»lt7D-7^*/^l6«t§, S £ BH >6 #J tf> m % tt # # i4 M 
*lt*ttfflLtR«-e^ e Tt^^/u^-fi, tefla*fi3tl«3t*r, *]E*$BT-^£r, 
[ 0 0 2 6 ] 10 

«l^R«t$I^rife9]o§*l4^»lill:iiASW.|:S^6ioi«^ffv\ R <k S ft 
( u K v t * ) &fctfffi&i-Z>o :^uF-;^l^8i^HfeSli, El i a s co^2 

o m ( i¥ a tt t e # fla ) r* a> ^ & ft x i>a 0 a a & & > ^ * ^ k , fcir/t k d ^ 

* * > K * if O fi £ M *& # . ^ V> 9 << 7 <» ft M Sr «fc D 0 * "f ^ . ^Tffl4tt«Ci:Urtt 
. ( l ) T ^ y . ( 2 ) ^ 7h * > K 4 it 14 t Kp^^**^Ka^§Bte#Ji:<aii&^;bi* 

-e^fflstLS^jR^r^-y.^J:^ (3) & mm m m & m its m t <n m. & t> it x- & m z ti z & 

fit K tK * £ , i 14 > ^ * ^ h ^< - * O <k «d s» * if b ft a a* , r. ft PS £ $ ft 5 o T- . 
(4fti^ 0 
[ o o 2 7 ] 

gft, S ^ *& <£> » $ L ^ r£ t L r 14 # « £ £ : li ftfe »£ ft ffl ^ ^ if h ti Z> . 3fc » «4 . 20 
[ 0 0 2 8 ] 

*T ffl 4 fi ^ *p t- O ^ N f 14 , rMa c r omo 1 e c u 1 e sj 3l2#, S — Rfi ; H . 
G. El i a s V , Plenum Press, 1984^, New YorkCO^20 
Sitf 2 1 <t»^f>ftT^5. tfflftlllH^BttiSli: Lttt, ( 1 ) 2 , 2 - T 5/ - tf 
^ - (O y.f- p ^ h y /i- ) , ^^^yi-2, 2' - ry-t'^-^yy^u-b, T V — 

(^7x^;M ^ y) , 4 - 4 ' - T ✓ - t*^ - (4 - y/ y-O'^yi) ft if r ✓ fk 
^ , ( 2 ) ^< y ✓ >C ^< it •> K , ^ ^ /V ^< ^" K , t e r t - -? f* iv ^< ;V sf 3r 

i/ K , > ? p ^ * * / > ^ ^ ^" > K , ^yi/^/i/8^yi/t^y K , 7 £ p -Y ^ ^ ^ * * > 
K , / f )V zc ? jv fr h > * * i/ K ft if <D ^ * * > K , ( 3 ) t e r t - 7 f - /U t K 30 
n ^ ju Jr ^> K *3 <t t> + ^ ^ > t K p ^< a- * is K ft if o ig K it * X *3 J: t K o ^ ^ * * " 
->K, (4) & K ^ *3 J: i@ ^ A * K ft if <£> i§ m t , igfittg^^y^Ai:. ifi BS K T > = 
^ a t x ( 5 ) ^Y y^p t'/ulKSJ^^^iSx^r^/piif bns^, r tt Id PS £ £ 
ft S <£> "C f 4 ft ^ o 

[0 0 2 9 ] 

# ffl ft * ^ * ^ M t L r 14 , i> ^ b * > t ± b y =. J v ft if <o > v 4 > ^ - =r ^ 
t , •** c s4i;'rb>b. T i/ fr-fr * y 4 > * * i/ Y b , -<y/7x;>io ( j;t;2-^ 
y / d t° f t t > h y 7i ^ w y 7 y - / ^ h y i: , ^<>y/^J:(/^;>gi#i, 

S. P. P a p p a s J . Rad. Cur. (1987^7^) 6 ^< — V T* 3* ^< 5 J: 5 
ft 3 - 4r h ^ -7 y v t j&s ^ If h ft 5 ^ , r ft IC PS £ £ ft 5 fc CO TM4 ft ^ e 40 
[0 0 3 0 ] 
x 7 /l^y a > B ^ 

yi^i:±or»Stt 5 e ffit L r r ft (4 fL fk M o lib ct 
^it^T^e/^-^if^ffi (^^WI-tK) * I: » S I > ±iS<7)7y-5^*/ul['&BB*6JM 

(4, £J£M («*.tf*il^tt#iiiStt«l) , #y^-»^SSrft/hft*5J:t//4fc*4W« 

i-sfcft<^ii«»»a'j, -is ± t/ « «c *s * if e> ft a • loiwi^tfiUftiiAawic d ^ 

x^/Uv? a yl^HTIt, i@ fig K * U ^ ^ * ^ ffl io M .*5 «k fit » « - ft -fc * fk ^ t ffl ^ L 
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it Ml « -C ft £ * ffl *6 * ft S o AStti:*t^*tt«lil /im*»t*>5, » * L < tt 0 . 
[0 0 3 1 ] 

o «EW4 i oo^amaTii, ioo^/v-fi«» is tii 1 o^^f t <o 

[0 0 3 2 ] 

«ffift£t*ftfctt<teft*^:y:/fc«fco-c mm. tts. 1 o o #i 

EE 4 5 S S 1 ^ ft *C li , ^ y ^-fciWfiatt^fittft8 9J*R^S«rtKSiAi-.S, 
*y^-*5j:UK#bii***-&#tt, SU^Jgttt^So * y - (O m A * . » * L < li 
jR 7 y -7 * ^ BB *6 SO "C 4 fi BB *fe «9 Sr *.*D i" 5 e 8»tS*t^-^ L t^g 

^tf-og^^flSt^o »■* L < ttttffl $ ft* ft<frH*fr*ltt, i£ fi? £ 

[0 0 3 3 ] 20 

® m m & <» & <n m ® * m m t l x & , < i ) ss^f ^fc<tt/si^f-^<f t^.^^r 

% (2) ^xf;^ ^fcil/Tt (3) ^*/-^*5<fci/^ 

? y - /u tn X <n 7 = - /u , ( 4 ) Bl JK IS *5 J: W f i ^ ft tK S , ^ i(5:tt^ l o^l 

±<0fi^4fej&s«if&ft*j& s * - ft «c R 36 $ ft 5 t> eo "C I* e L ri» L 8 #J IS . *Sj - l 0 <C 

- 5 0 °C <n ft IE H -C % fls T* fc 9 , fi-&BB*feSiJSr»«U-C7 !i - 7 ^^^Srifilct 5<^(: 

6 9J co (1 , IltKK*i»«w8Ji4:ilii:Lt«3.0-8 0lHfefc5. » * 
L < tt « ffl co a tt , J:f>*^Rtf;a**:»Sfc»Jc, Efctt:fcJ:tf*ffl<&ftft*SrSi|S|::. 
Itft4 0%>6 5l*%^8Itfc5, 30 
[ 0 0 3 4 ] 

8St^i:J:otB!!Six5*l^*li, (Eft Lt*S«i:ft 1 // m*l, » * L < tt » 
0. 5/im*a<0/h$*¥^ftSW»*ftS:»5wt^x**a„ * S £ ft O ifc ft (i . (1 
) tft6iWtyt«ttfr^tt5, * fc tt (2) **Lb**t*di-6i:-f*^*iatt** 

# 5o 

[ 0 0 3 5 ] 

^y^-Htlt 7 * y ^ & , ^H/H, = fig. 

7 * y ^ K *s «t t>* y * * y a* & & m if fe ft z> 0 

[ 0 0 3 6 ] 

LTIt l^-/Klv?>, N , N - ^xf yl/7 ^ xf /!/ ( ^ ^ ) 7 * 

y u - k n , N-y^f^rwif^ ( y * ) 7^yu-h > fci^N - t-^f^ 

7 ^ y^f^T^ y U- - b ft CD 7 S y?igifettt5t<^^*lf feJiSo # * L ^ ffi 

Itt^yv-Htii, n, N-^y^yu7^y^^/i- (> * ) 7 * y u - h a* <Mf ft 

[ 0 0 3 7 ] 50 
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*fflStt4fctt#tfctt£if$1-6fc^lc, #fi£tt*l;:«F£<oft/h-ir ^-v^S^^B-cfc 

«(Dl$8l[|:J:otS5ftt5. L s&> L >f tt * O ifilB tt * » * tt «r It * * * 6 - * , #y 
' -7 - 4* tt , 1» * fi £ * 75Mb fflE d p d IR tt I- a 4- 1" 5 » * tK , it ff , *5 i » S tt & & v 

*#i:ti:s©ci&j ft ft * ti^ty^t^ftod\ "*> i ^ a tk # » tt % m m -r z> it » 

* * ^ W * » rtt , ^iDSil^v^Sitt^^SJfcliil^^fflt^^tia^-r 
2 fi S % <7> f * >- 3; S # , »*Lfc»«#*rfti:5. ^>ttSOHt <{ (D&*m 10 

t trt tiaiiSft, i-ftt>%tiiA»b^*>'tt**s«**jx4*/^--^ADx.r. 

^t>§i^tlt5, *^>f^->**3ft«»l 5%4rttA6*l[*«cii, \% k h> if <0 §k3s 
1 0 0 3 8 ] 

» 4 L < tt * fi £ # tt \ T i? h v 4 £ (1 ^ f- J. >Jr h >- ft if (7? i o 0 * SS <E> £ 

^ri-s^aftttsa^-cwa^ixs. ft jb t l -c i* * s & ^ ^ a- ft * ^ ft tt ^ ft a . 

tt * #J > fciiWi^f V^p^V-^, ^ * J - ^ , ^ 9 J - ^ x teXXfrhyt K d 7 5 20 
[ 0 0 3 9 ] 

».&fta»ffi*l*#Lfttfe>, tta'-(*a^*^|6tt'&tliSSr$#i-5»'&) t^liS ( 
*i^*)45fiittf I61*«tt5*^) (D*SfS(cS»t5c ft IS . i L T ft * S * fc tt 
& tt , ***i5*fctt7K»-*^So«c:jfe^or5K'y^-Sffitw»*T#s 0 S W ft tK S 
<tLTtt (1) TV^-Ti, 7^/^^ ^ :/n - A- N h yxf /P7^, M)^^ 
y-^7;y, ^f^7 ^ ^ * y- v ft if o *r « T S >- , (2) &JH*K»ffc:*2K S£ ffc 

m > ^ j: o< m m m ft if # m tffe *i 5 . i^o«HTii, ( 1 ) ftKftif^^^^^K,- 
& <t t>* ( 2 ) h c 1 ft if o m & m if & ti 5 o ff * tt a * s («tii7v^^7) * tz tt 

B Ik ( « *. tf ft K ) »rt-*-*-f*^tt» (*/u*^»T^*=*A) tt 2£ 7* >X ft 30 

Sts^y ^-ury^e^nr^ y u - hRI*oti"efc52)\ =>— x -< v if ft ^ 

EtK«lt5'i:50»«8«(ll:S5 i^ibixS. ;i;h,tt*fn»i:i8lBK<7>riin::. 7> 

(c ii f tt <£> p H ic ft 5 «fc 5 l:t^ r i: T* £ j> - (O $ ij ^1 m tt ft /J- tw i~ 5 0 
[ 0 0 4 0 ] 

#^<a&fi£fttt, ffE»ttayftL(^!B»S^«fe(-J:or«St-C#*o t O ft *> 9 fc « 
«iia*^btfc3M K->y*3JS$S9li: LtttfflJhS. MOlltttlLt, If 40 
Bf§ttS'JSr^4ft^tt:»WSlEi^g^*^*a^*Sr#Sr i^ttS, » 4 Li^Sli 

^ff9o y u ^ y 9 * tt , * S , & I L < (i ^ p K y * , ^i^^/tt^^^^"t>5 

[ 0 0 4 1 ] 

fi^tt^pHtta^oatfrftUlc, 3~li, »SL<tt4-60^ffl{^ft^J:c)(c|SgR 
$ ft * o 1#^(7)^y^-lcov>Ttt, ft^tt^tDJBpHtt, *^2. 5I«i:fi< fc5:i 
^T^5c ^(^pHtt^D-f K'>y*^^/^-JRiaS:*^*-frSWtw + ^fB:^>^ % ftjj^ 
tfi)c»tt^*^fi»*'&ffL-cfi^ e H«wlS(i*Si:B^pHT'fct*t5. Witem* 
T^^iTSfcttllffclLT, ftpH4-6l:ftIt5tSfEttJ:!)?cSLT*»4 50 
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fig m ic (4 S * ft g§ % # ft ^: t ifi m % $ n = 

[ 0 0 4 2 ] 

ft W a r i n g Tk V u > ^ - ft T* ^ fi& T* £ 4 9 ft it] 3^ ^ K «I L T , * y -7 - 

«««rBgl/im£ilT»*#*«w»^fl:i-5 0 \c $} m if % & £ <9 Vk ^ Mft ^ 1& T £ it ( 

B# C 14 li I? * # » W St * * ft b Jl 5 . ISI^tt'fSSoSSroTt^T 
L , £ £ L fc T * !>*tt?0*tt#1R{t:as*e>*iS. 
[0 0 4 3 ] 

± IE (O 58 » S £ K 14 I' 11 < O *» © flj £ ^ & 5 o 01 X If * & 14 , ¥■ i$) ®. & <D ft %i W < , 33 4 
tf«»*«»**tfc***#*r*i:*. «*s»*#tiE tt tt £■ VM£ »* T # » f 

[ 0 0 4 4 ] 

$ & K * ft 14 ft tt -a S » & * * £ ft £ *J fig fc L , SS«l:B»StT-r5J: 5 ic -r s .. 

, * a * # * s * t t- *> s . ft ip h m * l 4 ^ - t » * jl $ ti x ^ a . 

[ 0 0 4 5 ] 

U T <r> HJS t«J £ J: o T . H W © « * ft A fl£ ft . fij M s is 4 0 s t <o m <o : U B £ £ fc> id 0'J 

14 * IS 9! © iS II £ * £ Iw »J IS -f 5 t -C 14 ft „ # »r ?> © ft ^ PS 9 §»f littl; J: 5. 
[0 0 4 6 ] 

»*M»feW*l*il3=-*<fl'* r «> 1 T*tt ( * fc 14 16 tt ) fc^^toj ( * fc tt tt * * 
) &tfffi-rSfc*lc^fflUfc^^*fe(4. TT-$blcg¥L<i!li'<2)4plc * # « 9 ft K V 

[ 0 0 4 7] 

ASTM D 4338-97, TStandard Test Mathod for 

Flexibility Determination of Supported 
Adhesive Film by Mandrel Bendj£r{£fflLT*s 2 §-= I --"r 
■ W > ? CQpJSttSrifffi Ufce 0. 1 2 50f0 (3. 2mm) d y K O 1 1? , »SLfc 

[0 0 4 8 ] 

ASTM D 2 979-95 fStandard Test Method for 
Pressure-Sensitive Tack of Adhesives Usi 
ng an Inverted Probe Machinej£rffifflLT, i &^ 1 — 7" W 
y^OttlAtlflLfc. Po 1 y k 6 n 'Probe Tack Series 40 
O^l^lt l.»K«)K{f*/HII, SttKilX^il cm, feitfiDtll^^l 9-. 8 

i i c«sts, ft tt p p p «& /* w * as ^ 1- s ^ t # ffl * *r » a % 5 0 g *i, » * u < tt 3 

[ 0 0 4 9 ] 

^ 7 * ^ g 

Perkin-Elmer Model DSC 7 *^**fR4«t*fiefflLT,#2K 
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IBft * L fc . 6-10 ; ^7A^)iltg/^t>^/^2 0t/»t'-7 0°C^P)1 
5 OtCJflilt^^^lfco 1 SO.TCCldHftKfLt^e), t^/^40t/» 
-C , - 7 Oti:ft9LT, 5:1: 2 Ot/»t' 1 5 Oti: It 2 [h] I co^ ^-^ y?: t f:„ ^ 

[0 0 5 0 ] 

llffi^jo^--r>f>^(i,^^^^--^-^^fflt"C,ii:$o. oois>r>^ ( 3 8 /i 

m ) O^Ux77^7^^iflSL, i^J^^^-^VrtCJo^t 7 Ott* 1 O » IB 
g«Lf:«, 1?? O . 0015^>f (38/im) ^^-T^^tltc ^IC*4o 10 
■Ciib^n-r ^ y^Sr2 2tjo±r/5 0 % OtBSI* t 2 4B#B]IBffc*-frfc. 
[ 0 0 5 1 ] 
H tfe ffJ 1 - 8 s it « ffl A - D 

1 LOMo r t on i z e d * ~f V y M» II 7 7 * = lw * 1 0 0 g <6 J T - (T^>^ 
IlC»W**>a,^*y^--*tt^7A*-e*ip), 8 0mg(OfflIftSS, 12 4. 7 
g <DJ&.>< ^ > 2 0 0mg©fflfiSlfc;&y#A* 64mg0^1IfiS8t,M 1 
gOt M ^ Kf'>/^>^>^^*t - M *5 <fc 2 . 5g<DMazon SAM 

2 1 1 TA'^ y 7/V3**>7y* = A^^7* - h#I*tt B S tt #J (PPG 
Industries, Pittsburgh, PA^bAft'J 5) S:8Alfc. 7 20 

87>/t'8 3 Oti:D0lU2'5O r'pmt'ljfL^^^ ^ * K^^-^i^ii 1 L 
Ol*t'7"9 7 28mgWR^*>*tW50g'©ll8JB-ftt*fl:*WSK 
m 1 gSriSAL, 7?^3t«»Lt, I*77yVa«r»A/T'7 7^3«r3lslJl2S8?l 
L o 1 5 - 2 0 # PQ ft K « ^ ^ jg £ T 2 0 - 2 5 # % iZ 5 5 °C - 6 5 t "C fc° - * tC it L 
fc o S ft « A ^ Sr » 7 5tl:±#^t l ift6H'©iaSSrft »e>ixfc5'^y^^*r2 
ft g ft ic L fc -t? -e*ig L T + - lc A n ito 4«tl5tS^J:t;)tl$^ o H1C 

[ 0 0 5 2 ] 

it & gy E 30 
* H » W » 4 , 1 7 2, 1 2 2 tfcJ:(;p]S 4 1 5 5 2, 7 5 5 "C BUS $ ft 5 «t 5 ft 7 

[0 0 5 3 ] 

1 L©*h/H:, 2 8 0 g<£>^f L /l'StK. 94. 6g<D«<y*??-/\<>T?Vl'-h, 11 
0gW^f7!J/M^!)U-K 15. 4 g«)7^ !)^*, & J; U< E . 1. du Po 
n t de Nemours & Co.,Wilmington,DE^ i ^Vazo T 
M 6 7 <[: LTi^^il5 0. 7 7 g <7) 2 , 2 ' - T ✓ fc' * (2-^^/^y^n^hy/l-) 
^8AU:. »bftfc*«*r#a5L Ttt 5#WS#-C'<-^LTtt#L,'tt6 0 <C *> tK 
«*-t*tt6 3B#W»»ELfc« ■9«r»tffctfi*K»»ft***#6>*tfc. 
[0 0 5 4 ] 40 
it » W F 

S^^I^IBLt, IK) 4 g O G A N E X V 2 1 6 (I S.P^feAftJ, N - tT n ;U fcf 
oil Ky/^**f'fe^*I** , C*)St*i&h5j Srifi 6 g ^R8xf ;u4i(:8*|L 
*C s GANEX V2 1 6W40 o / o ||»S«?:S!RU: o 
[0 0 5 5 ] 
■[« 1 ] 
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2-EHA=2-X^;i^*v;U7£ 'J h 
IB0A=-f 77t?;t>-;i>7$ U U— h 
AA=7^'J;Ug* 

MAA=>$*'J;U» 30 
NA=*»ffi 



[ 0 0 5 6 ] 

$ 1 co f - ^ ^ ^ t <t 9 i: , it « W A , B % C % *5 J: E tt , ^1 tt tt K SI ^ » L fc o 
<o if m X f v> ti ^ I- % ^ )te * 2> * *T t o it fife ffl D (4 t> Si ti T # y &y 4 iv j* 

frb m & ti & h t fc ft , pr«tt«»ic^*»-cfcofco * ffl 4 m a m i* > « * * k k k ^ 

*-r5^^ + »ii!^**»SSr*L, KR^D-ycaSteff L4V\ It ft « F tt « * 40 
3» £ # {£ -T „ t . tt * * * ft 3lt5Wi:if Lt^B4B**#-Cfli^o 

T ,14 , if > y # tt ft * "K I* K £ tt -f 3 frit o ^ V> 6 ^ *g «R -eij:4 t\ L U ^ > K 
U « ^ t 5 ft IC (4 % T . J4 tt 3 5 t *» t* fc 5 ^ # T fc 5 0 
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WQ 92/3423 A . fCIUBMIWM 

ACRYUOUASGD COrOLVMEK COMrOSlTIONS fOR 

COSMgru: ani> PkbsonalCabe 

Technic al Field 

The present invention relates to compositions for cosmetic and personal care, such 
s as skin, hair, and nails. In particular, the composition is nn aqueous, aeryiio-based 
copolymer emulsion or dispersion that dries rapidly lo form a flexible, non-sticky film. 

Bac kgroun d 

Polymers have been used lo minimize or prevent the transfer of makeup or the 

10 wash-off of sunscreen. Generally, these polymers arc h>\irophobic and obtain their 
hydrophobicity from Ions chain nlkeoes (e.g., U.S. Patent Nos. 5,026,540; 5,171,807; 
5^1<>i59; 5,516,508; 5.518,712; and 5,547,659) and from long chahi alkyl 
(mcth)acryiates (*#., U.S. Patent Nos. 4,172,122 and 4,552,755). Also disclosed as 
having utility for the above stated purpose include silicone pressure sensitive odhesives 

1 5 (e.g. , U.S. Patent No. 5,4 60,804), srj-rcnc-ethylene- propyleue block copolymers (eg. . U.S. 
Patent No. 6.060,072), or polymers containing long chain vinyl or allyl ester comonnmers 
{e.g., U.S. Reissue 29,871). The polymers listed thus for generally have a low glass 
transition temperature (T t ) and thus can often leave skin with an undesirable sticky or 
tacky feci. They may olsc have poor cohesive itrength giving a greasy fee) and causing 

20 staining. Makeup or sunscreen formulated using these polymers may be difficult to apply 
smoothly and uniformly, due to the polymers' dmguiess thus leaving a leaden skin led. 
Such a feel is urrfesinible, particularly in lipstick. 

In another approach, some skilled in the art have used high T, polymers for 
cosmetic applications, e.g., »n hair styling aids and in nail lawruers. In hair styling 

25 compositions, the high T t polymers generally arc glassy due to the high levels of polar 
morvomeis used. Such monomers contain acid, amide, amine, or hydroxy! functionality, as 
described in U.S. Patent No. 5.019,377. The high level of polar monomers in the polymer 
tan detract Die polymer's ability to provide watei resistance in cosmetic and sunscreen 
Ibrniulaliuns. 

3C j n yc j another approach, up to 20"-<i of hydrophobic high T e monomers, such as 

isobomyl acrytofe, have been used to prepare a tcrpolymer with polar vinyl ester and alkyl 
maleatc half <5 tec comonomcrs [eg.. EP 299,025 and WO 98^5 1266) to provide stability 
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during thf suspension rxilymerization, lo ensure solubility in commercial alcohol carriers, 
nn J to minim iw tack. 

Nail lacquers are generally applied from organic solvent end hence hydrophobic 
high T r rx>lymcrc, such as nitrocellulose, are aimmonly used. U.S. Patent No. 4,762,703 
5 (Abrutyn) discloses an anhydrous noil lacquer composition containing 10 to 40% by 
Wright of a cupolymer which is the reaction product of 5 to 30% by weight of diacetone 
acrylaroide with 60 lo 95% by weight of (rnrth)acrylate esters of (a) 5 to 48% straight 
chain alcohols, (b) 5 to 60% cyclic alcohols, (c) 1 to 25% higher alkyi alcohols, and (d) 1 
to 30% alkoxy or aryloxy alkyi alcohols. The use of an aqueous carrier, solvent or vehicle 

10 component is not disclosed, nor is the use of these materials in cosmetic and sunscreen 
compositions for skin and hair. 

U.S. Patent No. 5,662,892 (Bolich, Jr. et aJ.) discloses personal care compositions, 
in particular hair care compositions containing hydrophobic, linear, random copolymers 
and a hydrophobic, volatile, branched hydrocarbon solvent for the copolymer. The linear 

U copolymers arc formed from the random copolymcriiation of A monomer unite and B 
monomer units. The A monomer units are one or more hydrophobic monomer units that 
tvuuld form a homopolymei liaving a T t of at least 90* C. The B monomer units are one 
or more hydrophobic monomers that would form a homopolymn having a T, of less than 
about 25 e C. The copolymers, when dried to form a 61m, have a T, of al least about 30*. 

20 C, and lend to have low stickiness and provide good style hold. The linear copolymer is 
soluble in the branched chain hydrocarbon solvent. But, the hydrocarbon solvent is 
insoluble, in aqueous carriers of the composition. Upon drying, the preferred hydrocarbon 
solvents help to obtain a smoother polymer film. Other advantages of using flic 
hydrocarbon solvent were discussed. See column 7, lines 10 to 25. 

25 While the technology discussed thus far may be useful for cosmetic applications, 

otlicr composil tons ore sought. 

Summary 

The presrul invention provides for new compositions for cosmetic and personal 
30 care applications, where compositions contain non-sticky hydrophobic polymers in an 
aqueous carrier, solvent or vehicle. Advantageously, such compositions can be used for 
skin, hr.ir, and nails. The compositions provide improved resistance against abrasion, 
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WOM/J42W rcrms*\nm* 

transfer, water, perspiration, and buntidily while having excellent gloss, feci, and self 
adhesion. 

In brief sumroarv> «n on* aspect, the inventive composition is in the form, of an 
-aqueous emulsion or dispersion, the composition comprising: (a) at least one copolymer 

5 comprising (i) aboul 10 to 85 weight percent of (methjacrytate ester of C to C t$ straight 
andVoT branched cbjiin alk>i alcohol, (conveniently labeled as a first monomer), (>«) from 
about 10 to 70 weight percent of (mcthjacrylate ester of a saturated or unsaturated cyclic 
alcohol containing 6 to 20 carbon atoms (conveniently labeled as a second monomer), and 
(b) an aqueous carrier, solvent, or vehicle component end when the composition is used in 

10 hair applications, it is not a rcshapable composition. Blends of two cr more disclosed 
copolymers arc also useful. Optionally, the copolymer can have up to about 20 weight 
percent of a bydrophilic monomer (conveniently labeled as a third monomer). The weight 
percentages of the first, second, and, if used, third monomers, are based on the total weight 
of the monomers used. 

js The term **(merjj)acrylate" is used to mean both aery) ate and mcthaciylale. The 

term "dispersion" means generally a two phase system where one phase contains discrete 
particles distributed throughout a bulk substance, the particles being the disperse or 
internal phase, and the bulk substance the continuous or external phase. In this invention, 
the continuous phase is the aqueous phase and at least a portion of the polymer exists as 

20 the discrete particle. Dispersions are possible through the use of certain components that 
arc insoluble in the water system. By "dispersion." it is also meant that not necessarily the 
entire polymer needs to be water insoluble; some of live polymer can be soluble in the 
water mixture it is desirable that the dispersion remains stable under ambient conditions. 
Preferred dispersions arc stable at room temperature for more than 30 days, preferably 

2!i more than 90 days, more preferably for more than 180 days, and most preferably for more 
tiian 360 days. The term "blend" is used to mean a mixture of two or more polymers thai 
differ in the ratio of monomer components, the chemical structure of the monomer 
components, the monomer sequence distribution, and/or the polymers molecular weight 
distribution. 

30 Some inventive compositions, in film form, possess "self adhesion" properties 

because they preferentially adhere to themselves or a chemically similar material under 
pressure or farce without tht need tor significanUy elevaied temperatures {e.g . without the 
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need foi temperatures above about 50 e C). Preferred compositions of the invention exhibit 
self adhesion properties immediately upon contact to itself at room temperature (about 20° 
to 30° C). As used in the previous sentence, the term "immediately" means less than a lew 
minutes, e.g., about five minutes, preferably less than one minute, more preferably less 

5 than 30 seconds, depending oo the application. 

An advantage of the inventive composition is its ability to form hydrophobic films 
making U useful in cosmetic and personal care applications. Such applications require 
some amount of water resistance, transfer resistance, or substantively to skin, nails or hair. 
Illustrative cosmetic applications include, e.g.. mascara, foundation, rouge, face powder, 

10 eyeliner, eyeshadow, nail polish, and lipstick. ie., color cosmetics. Illustrative personal 
care applications include, e.g., hair care products, insect repellent, skin moisturizer, skin 
cream, body lotion, body spray, and sunscreen. In one cosmetic or personal care 
embodiment, the composition comprises less than 50 weight percent of the copolymer, 
based on the total composition weight. 

IS When the inventive composition is used in hair care products, such as shampoos, 

conditioners, gels, mousses, and the like, the dispersion can provide faster drying. II can 
be used alone as a bail styling agent or used at low levels m combination with other hair 
styling resins to improve their humidity resistance. The hair care products, as described 
herein, arc not '"rcshapaWe" lwh styling compositions. ,, ReshapaWc r hair, styling 

20 composition means a composition that can be restored or modified without new material 
or heat being applied. For example, in order to restore or rnodiry the hairstyle in case of 
"drooping'* or loss of setting (dishevelmcnt), no new materials, such as water or any form 
of fixing agent or heat are required. The composition can be long lasting, such as 10 to 24 
hours, giving rise to a durable styling effect 

25 

petai}cd Descri ption of the I nvention 

As described above, in one aspect, the inventive composition contains an aqueous 
carrier, solvenl or vehicle and at leasl one copolymer having a first monomer, a second 
monomer, and optionally a third monomer. The amount and nature of each component is 
50 chosen such that, upon drying, the inventive composition forms a flexible, non-sticky film 
having good cohesive strength. In some embodiments, the composition also possesses 
jejf-adhesion. Each c.f ihc components constituting the composition is discussed in detail 
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Wow. As used herein, "copolymers" can be produced from a single monomer or a single 
homopolymer, from two or more monomers or from a polymer and one or more 
monomers. 

5 First Monomer 

The first monomer is hydrophobic in nature. It constitutes from about 10 to 85 
weight percent of Uie total amount of monomer used. The first monomer is a 
(rncth)aery!ate ester of C« to Cit straight and'or branched chain alkyl alcohol. J»refc7Tcd 
first monomers include, e.g., booctyi (meth)aciytete, n-buiyl CmefJOacrylale, isobutyl 
to acrylate, t-butyl (methfcwryWe, 2-methylbutyl acrylate, 2-cthylhexyl (mcth)acrylatc, n- 
octyl (rncth)acrylatc, isooonyl (mrtn)acryiate t lauryl (mcth)»crylatc, octadceyl 
(meth)ocrytatc, and mixtures thereof. Particularly preferred first monomers include 2- 
ethylhexyi ocrylate, n-butyl acrylate, isooctyl acrylate, 2-methylbutyl acryiate, and 
mixtures thereof. 

IS 

Second Monomer 

In* second monomer is also hydrophobic in nature and, generally speaking, has a 
higher T, than the first monomer. The second monomer constitutes from shout 10 to 70 
weight percent of the tola! amount of monomer used. U is a (meth)acrylale ester of & 

20 saturated or unsaturated cyclic alcohol containing 6 to 20 carbon atoms. Preferred second 
monomers include, e.g., mono-functional acryiaie or methacrylate esters of (1) bridged 
oycloatkyi alcohols having at least six carbon atoms and (2) aromatic alcohols. The 
cycloalkyl and ajomatje groups may be substituted by C, to C* alkyl, halogen, cyano 
groups and the like. Particularly preferred second monomers include bic>xlol2.2.1]hept>4 

■2i (mcth)acrylalc; adamantyl (meth)acrylaie; 3,5-dimethyladamantyI (methlacrylale; 
isnbornyl (meth}acrylare; toryl (roeth)aerylatc; phenyl (melh)acrylate; t-butylphenyl 
(mcth)acrylale; 2-naphthyl (meth)acTytate; benzyl methacrylate; cyclohexyl methacrylate: 
menthyl methacrylate; 3^,5-trimcthylcy-wlohcxy) mernacrylale; dicj-clopcntenyl 
(mcth)acrylatc; 2-(dicyclopentenyl6xy)cthyl (mclh)acjylaie; and mixtures tliereof. 

30 
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ftptionnl Third Mono mer 

In some cmbtxliments of the invention, the copolymer further contains a third 
monomer, which constitutes up to about 20 weight percent of the total amount of 
monomer used. The third monomer i* a hydrophilic monomer. Incorporation of 
5 hydro phi lie monomer con improve adhesion, allow for removal with soap or shampoo, and 
provide tcibiliaitioo to allow dispersion of the polymer into water. Removability is 
typicaDy desired in hair care applications, such as shampoos but not in applications where 
long- lasting effect is desired, such as sunscreens, mascara, and lipstick. 

The hydrophilic monomers suitable Jbr use in this invention are those having 

10 hydroxy!, ether, amide, amine, and carboxyUc, sulfonic or phosphonic acid functionality. 
Representative examples include (roemjacrylamidc; 2-ethoxyetbyi (meth)acry»aic; mono 
(mcth)aCTylotes of polyethylene glycol monoetheis; N-vinyl-2-pyrrolioone; N-vinyl 
formamidc; N-vinyl ocetomide; 2-hydroxyethyi (meth)ocrylatc; hydroxx-pmpyl acrylotc; 
vinyl pyridine; N,N-djethylaminoethyl melhacrylate; KN^imemylimunoelhyl 

15 (mcth)acrylntr; N-t-hutylaminoethyl acrylatc, acrylic acid, methacrytic acid, itaconic acid, 
male* acid, fumnric acid, vinyl benzoic acid, 2-carboxyethyl ocrylate, 2-sulfoetbyl 
(meth>erylnte, and 4-vinyl phenyl phosphonic acid. Preferred hydrophilic monomers are 
acrylic acid, methacrylic arid, N-vinyW-pyrrolidone and mixtures thereof. The amount of 
hydiophilic monomer preferably does not exceed about 20%, more preferably about 10% 

20 of tl*c total weight of all monomers, such that excessive hydrophilicity is avoided. Those 
skilled in me art, however, wiB recognize that a mnnomer such as 2-ethoxyethyl 
methncrylnte is less hydrophilic than a monomer such as acrylic acid and hence can be 
used in higher amount without imparting excessive hydrophilicity. 

The copolymer may include other monomers to improve performance, reduce cost, 

2S or for other purposes, provided that such monomers arc used in an amount that docs not 
render the composition hydrophilic ot tacky. Examples of such other monomers include 
vinyl esters, vinyl chloride, vinyl idenc chloride, styrene. (mcth)ocrylate esters of C, to <o 
alky! alcohols., macromolecular monomers such as monoacrylic functional polystyrene and 
polydimetliybiloxaiie, and tlx: like. 

30 
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The inventive composition con conrprisc a blend of two or more copolymers. 
Among other techniques, these blends can be formed (I) by mixing two or more aqueous 
dispersions or emulsions or <2) in a multistage, sequential polymeriialion process where a 

5 second polymer is generated in tbc presence of a First polymer. Blending provides another 
option allowing modification of the final properties. For example, a blend of a given 
copolymer composition having s low molecular weight distribution with the same 
copolymer composition having a higher molecular weight distribution can give a 
dispersion or emulsion with improved film forming characteristics while maintaining good 

10 cohesion in the filial film. 

AauB2ffi£jtrricj 

The inventive composition takes the form of an emulsion or dispersion in an 
aqueous carrier. The carriers include water, water miscibte solvents, such as lower 

15 alcohols, e.g., & to C branched or straight chain aliphatic alcohol, and combinations 
thereof. The preferred water, miscihfc solvents are ethanol, n-propanol. and 2-propanoi 
(IPA). Preferably the solvent to water ratio, when solvent is used, is 20:80 to 90:10 
weightAveight, and more preferably the ratio is 30:70 to 85:15. In general, higher water 
miscible solvent amounts will result in a composition (hat exhibits faster dry times. 

20 The solvent system may also comprise additional solvents. For example, other 

rapid evaporating solvents may be used, such as bexawuiyWrsiloxane (HMDS); cyclic 
silicones (D< and D;): CrCm alkones including isoparafins such as Permcthyl 97A and 
Isopar C; acetone; hydroiluoroethers (HFEs) and me like. Certain HFEs, such as HFE 
7100, have the added benefit in certain applications. When it is added to hydro-alcohol 

25 onxturw in levels above about 15 to 25% by weight, the composition becomes non- 
flammable. 

Cosmetic Comp ositions 

The inventive emulsion or dispersion is useful by itself for cosmetic purpose* 
30 without addition of other materials, tor instance as a hair fixative, skin barrier, or clear nail 
polish. It can also be formulated with other ingredients known to the cosmetic industry to 
give cosmetic compositions containing an aqueous component. Such ingredients include 
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emollients, hurnectaots, other film forming polymers, propellents, pigments, dyes, butters, 
organic and inorganic suspending and thickening agents, wjxes, surfactants and 
cosurfectants, plasticizors. preservatives, flavoring agents, perfumes, and active 
ingredients including sunscreen agems, insect repellents, vitamins, herbal extracts, 
S antipcrspiranl and deodorant agents, skin or hair bleaching or coloring agents, depilating 
agents, antifungal and antimicrobial agents, anu'dandruff and antiacne agents, astringents, 
and com, callus, and wart removers. 

^gtfagdgjf Mfi fr PR *bc C o ggbms 

10 The inventive copolymers of the present invention may be prepared using emulsion 

polymerization, solution polymerization followed by an inversion step, and suspension 
polymerization. The methods use initiators mat, through various techniques, are 
decomposed to form free radicals. Once in their radical form, the initiators react with the 
monomers starting the polymerization process. The initiator!* are often called "free radical 

>5 initiators.- Various decomposition methods of ttte initiators are discussed first, followed 
by a description of the emulsion, solution, and suspension polymerization methods. 

The initiator can be decomposed homolylically to form free radicals. Hemolytic 
decomposition of the initiator can be induced by using heat energy (thermolysis), using 
light energy (photolysis), or using appropriate catalysis. Light energy can be supplied by 

20 means of visible or ultraviolet sources, including low intensity fluorescent black light 
lamps, medium pressure mercury arc lamps, and germicidal mercury lamps. 

Catalyst induced bomolytic decomposition or the initiator typically involves an 
electron transfer mechanism resulting in a reduction-oxidation (redox) reaction. This 
redox method of initiation is described in Elias, Chapter 20 (detailed below). Initiators 

23 such as pcrsulfclcs, peroxides, and hydroperoxide* are more susceptible to this type of 
decomposition. Useful catalysts include, hut are not limited to, (1) amines, (2) metal ions 
used in combination with peroxide or hydroperoxide initiators, and (3) bisulfite or 
mcrcapto-hased cumpounds used in combination with persulfate initiators. 

Presently, preferred methods of initiation uttnprisc thermolysis or cntalysis. 

30 Thermolysis has an additional advantage in that il provides ease of control of the reaction 
rale and exotherra. 

-*- 
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Useful initiators arc described in Cliapters 20 & 21 Maoromoleculcs, Vol. 2, 2nd . 
Ed., H. G. Bliss, Plenum Press, I f ;84, New York. Useful thermal initiators include, bul are 
not limited to, the following: (I) ezo compounds such as 2,2nu»-bis^isobur>Tomtrilc), 
^methyl 2,2'-ozo-rns-isobutyrate, »zo-hi5-(dipheny| methane), 4-4 , -4ZO-bis-(4- 

5 cyanopentanoic acid); (2) peroxides such as benzoyl peroxide, cumyl peroxide, tert-buty) 
peroxide, cyclohexanonc peroxide, glutaric acid peroxide, lauroyl peroxide, methyl ethyl 
ketone peroxide; (3) hydrogen peroxide and hydroperoxides such as terMjutyl 
hydroperoxide and cumene hydroperoxide; (4) peracids such as pcrucetic acid and 
per benzoic acid; potassium pcrsulfate; ammoruura persulfetc; and (5) peresters such as 

10 diisopropyl percarbonate. 

Useful photochemical initiators include but are not limited to benzoin ethers such 
as diclhoxyac-etophcnoiie, oximino-kctones, ocylpliosphine oxides, diaryl ketones such as 
benzophenone and 2-isopropyl lhioxanrhone, benzH and quinone derivatives, and 3- 
ketc«nmuirrns as dcscril«d by S. P. Pappas, J. Rad. Cur., July 1987, p.b. 

i? 

Emulsion polymerization 

The copolymers of the present invention can be made by emulsion polymerization, 
in general, it is a process where (he monomers arc dispersed in a continuous phase 
(typically water) with the aid of an emulsifier and polymerized with the free-radical 

20 initiators described above. Other components that are often used in this process include 
stabilizers {e.g., copolymerizable surfactants), chain transfer agents for minimizing and/or 
controlling thr polymer molcculei weight, and catalysts. The product of mis type of 
polymerization is typically a colloidal dispersion of the. polymer particles, often referred to 
as ,l lntex. u In one preferred emulsion polymerization process, a redox chemistry catalyst, 

25 such as sodium metabisulftlc, used id combination with potassium pcrsulfate initiator and 
ferrous sulfate he pta hydrate, is used (o start die polymerization at or near room 
temperature. Typically, tlte copolymer particle size is less than one micrometer, 
preferably less than 0.5 micromcier. 

J-muision polymcfizalion can be enrried out in sever*! different processes. For 

30 example, in a batch process me components arc charged into the reactor st or near the 
beginning. In a semi-conlinuous process, a portion of the monomer composition is 
initially polymerized to form o "seed" and Ihe remaining monomer composition is metered 
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in and reacted over an extended time. In one exemplary multistage process, a seed 
polymer of one monomer composition {or one molecular weight distribution) is used (o 
nucleate tlic polymerization of a second monomer composition for the same composition 
with o different molecular weight distribution) forming a heterogeneous polymer particle. 
5 These emulsion polymerization techniques are well known by those skilled in die art and 
are widely used in industry. 

The copotytners of the present invention can be made by solution polymerization 
10 followed by an inversion step. In one illustrative solution polymerization method; flic 
monomers and suitable inert solvents arc charged into a reaction vessel. The monomers 
and the resultant copolymers are soluble in the solvent After the monomers are charged, 
an initiator, preferably a thermal free radical initiator is added. The vessel is purged with 
nitrogen to create an inert atmosphere. The reaction is allowed to proceed, typically using 
15 elevated temperatures, to achieve a desired conversion of the monomers to the copolymer. 
In solution polymerization, preferably the initiator used comprises a thermally 
decomposed azo or peroxide compound for reasons of solubility and control of the 
reaction rate. 

Suitable .solvents for solution polymerizations include but are nol limited to (V) 
20 esters such as ethyl acetate and butyl acetate.: (2) ketones such as methyl ethyl ketone and 
acetone; (3) alcohols such as methanol and etbanol; (4) aliphatic rod aromatic 
hydrocarbons; and mixtures of one or more of these. The solvent, however, may be any 
substance which is liquid in a temperature range of about -JO* C to 50* C, does not 
interfere with the energy source or catalyst used to dissociate the initiator to form free 
25 radicals, is inert to tire reactants and product, and will nol otherwise Adversely affect the 
reaction. The amount of solvent, when used, is generally about 30 to 80 percent by weight 
based on the total weight of the reactants and solvent. Preferably, the amount of solvent 
ranges from about W% to 65% by weight, based upon the total weight oi the reactants and 
solvent, to yield fast reaction times. 
30 Copolymers prepared solution ptdymcrization can be inverted to yield 

dispersions of small average particle sire, typically less than about one micromeler, 
preferably less than about 0.5 nucromettr. Inversion of copolymers can occur in aqueous 

•ID- 
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carrier or aqueous solvent provided mot (1) they contain ionic functionality or (2) they 
contain acidic or basic functionality, which on neutralization yields ionic functionality. 

Copolymers containing acidic functionality are obtained by cc^»l>TOerizing acidic 
monomers. Suitable acidic monomers include those contatoing carbolic acid 
5 functionality such as acrylic acid, melhacryfic acid, itneonic acid, etc; those containing 
sulfonic acid functionality such as 2-sulfoetliyl methacrylate; and those containing 
phosphonic acid fiinctionality. Preferred acidic monomers include acrylic ocid and 
mclhacrylic ocid. 

Copolymers containing basic functionality arc obtained by oopolymerizmg basic 

io monomers. Suitable basic monomers include tbosc containing amine functionality such as 
vinyl p>Tidine; N f -N-dtcthyiaminoeth^ (mctb)acrylate; N,N-diroethylaminoethyi 
(merh)acrylate; and N-t-but>iaminoctnyi acrylatc. Preferred basic monomers include N> r - 
dimelhvUiOHnocniyt <meth)acrytatc. 

In order to achieve water compatibility or disnersibilHy, a certain minimum ionic 

i i cooteol in the copolvTncr is required. The exact amount varies with the particular polymer 
formulation, the molecular weight of the copolymer, and other features of the individual 
copolymer. However., the addition of ionic groups, while increasing water rniscibility, can 
negatively affect polymer properties, in particular the water, perspiration, and humidity 
resistance that the copolymer imparts to cosmetic foundations. It is therefore preferred 

20 thai the ionic content cither be kept to the minimum amount required to yield stable 
aqueous dispersions while maintaining other desirable properties, or that the ionic content 
introduced to achieve wafer dispersibilily be non-permanent in nature. As described 
bclov:, this n«n-pcrmanent feature is achieved by using a volatile, weak acid or base in the 
neutralization technique, thereby allowing the polymer to revert to its original state on 

25 coating and drying. Generally u minimum of about 2% by wight of ionic content will 
jicld a stable dispersion. The amount of the ionic group includes only the simplest of 
c«wstructions, U. t the monomer from which the ionic group is derived plus the base or 
acid used to neutral izx it, as the molecular weight of the km. Preferred copolymers 
contain about 4% ionie content. Copolymers with r*»Tnanent ionic content of over about 

30 1 5% arc too hydrophilic for use in most hair and skin applications. 

Preferably the copolymer is prepared in a water-miscible solvent which has a 
boiling poinl below 100° C such as acetone or methyl ethyl ketone. Alternatively, a non- 
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walcr-miscible polymerization solvent such as ethyl acetate may be used. The non-water- 
mixciblc polymerization solvent may be removed (mm the copolymer by using o rotary 
evaporator. The resulting copolymer con then be dissolved in a woicr-misciblc solvent 
«uch as those described above or mixtures including isopropanol, methanol, ethanol, and 

5 Idrahydjofurnn. 

The resulting solutions are added with stirring to an aqueous solution of a base, On 
the case of copolymers containing acidic fiinctiwjality), or an acid (in the case of 
copolymers contnining basic tunctioaslity). Alternatively, the bo Be or aeid can be added to 
the polymer solution prior to adding water or adding to water. Suitable bases include (1) 

10 ammonia and organic amines, such as aminom ethyl propanul, in ethyl amine, Iricthanol 
amine, methyl amine, murpholinc, and (2) metal hydroxides, oxides, and carbonates, etc. 
Suitable acids include (1) carboxylic acids such as ocelic acid, and (2) mineral acids, such 
as HCi. b the case of a volatile weak base {e.g., ammonia) or acid (e.g., acetic acid), the 
ionic group formed (an ammonium carboxyiate) is non-permanent in nature. For example, 

15 for an acrylic acid containing polymer neutralized with aqueous ammonia, the polymer 
remains as the ammonium acrylaie derivative when dispersed in water, but is thought to 
revert to its original free acid state as the coating dries on the strrfaoe. This is because 
there is an equilibrium between the neutrali'/ed and free acid which (5 shifted towards the 
free acid as the ammonia is driven off on drying. Acid or base at less than an equivalent is 

20 preferably used, more preferably ai slightly less than an equivalent, to ensure near neutral 
pH and thus providing the lowest potential for skin irritation. 



The copolymers of the present invention can be made by a suspension 
polymerization method in the absence of surfactants. Instead, colloidal silica in 
combination with a promoter is used as the stabilizer. Using this process, surfactant-free 
copolymers can be obtained with a relatively narrow particle size distribution. The 
preferred method involves making a monomer premix comprising the first second, and 
optionally third monomer. The premix is combined with a water phase, preferably 
deionized water, containing colloidal silica, and a promoter. Amphiphilic polymers 
represent one class of useful promoters. 
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The pH nf the mixture is adjusted so as to be in the range of 3 to 1 I , preferably in 
the range of A to 6, without coagulation of the particles. For certain monomers, the initial 
pH of the mixture can be as low as about 2.5. This pH is low enough for me colloidal 
silica to stabilize the monomer droplet, but the final product may contain a small amount 
5 of coagulum. Similar observation can be made at very high pH. it has been observed that 
when die mixture is treated with ammonia or hydrochloric odd to about pH 4 to 6, the 
reaction is more stable and the final product is basically free of coaguhim. 

The mixture is exposed to high shear, sucb as that capable in a Waring 1 * blender, 
to break, the monomer droplets down to a diameter size of 1 micrometer or less. The 

10 shearing action is then reduced to a lower agitation (or temporarily slopped) to allow for 
the partial coalescence of the small droplets and formation of a suspension. Initiator is 
added. The silica -promoter mixture stabilizes the droplets and limits their coalescence 
yielding very uniform, and sometimes nearly monodispcrac particles. The suspension 
polymerization is completed under moderate agitation and a stable, aqueous dispersion of 

I J acrylic particles is obtained. 

The above described suspension polymerization has several advantages. For 
example, the method yields a copolymer with a narrow distribution of mean particle size 
and limited coalescence. When coalescence is present, the particles tend to migrate 
towards one another and can form Urge masses. Coalescence hampers the handling and 

20 transportation of the particles and thus is undesirable. The particles ere sterically 
stabilized by the colloidal silica. 

Also, the method allows for copolymers that withstand freezing temperatures, 
allowing them to be Tcdispcrscd after thawing, it has been discovered that the copolymer 
is stable, i.e., docs not coalesce when the same volume of alcohol (methanol or 

25 isopropanol) and water is used in the dispersion. 

The following examples further illustrate various specific features, advantages, and 
other details of the invention. The particular materials and amounts recited in these 
10 examples, as well as other conditions and details, should not be construed in a manner that 
would unduly limit the scope of this invention. Percentages given are by weight, unless 
otherwise specified. 
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Test Method* 

Test tnclhods used to evaluate flexibility (or brittleness) and stickiness (or lack) of 
coatings prepared from the materials described below are industry standard lesb as further 
? described below. 

flex ibility 

The flexibility of each coating was assessed using ASTM D 4338-97, "Standard 
Test Method for Flexibility Dctamination of Supported Adhesive Films by Mandrel 
to Bend." The coated polyester was folded with adhesive side out over a 0.125 inch (3.2 
mm) rod and the development of cracks, fracture, or crazing noted as a failure. 

IS* 

The rack of each coating was assessed using ASTM D 2979-95, "Standard l est 
IS Method for Pressure-Sensitive Tack of Adhestvcs Using on Inverted Probe M^chine.' , A 
Pofykcn Probe Tack Series 400 Tester was used with a dwell lime of one second, a contact 
and removal speed of one centimeter per second, and a annular ring weighing 19.8 grams. 
The 5 millimeter stainless steel probe was cleaned with isopropanol between samples and 
five rrplicates were ran co each coating and averaged to give the results reported in 
20 Table li. Materials useful in formulating cosmetic compositions have a tack value of less 
than SO prams, preferably less than 30 grams, most preferably equal to 0 grams. Useful 
materials will also possess high enough cohesive strength so that they oo not cohesively 
tail, thereby transferring residue to the probe. 

GjgjSjiaig j iifiB Temperatu re 

The glass transition temperature (T g ) of each polymer was assessed using a Perkin- 
Etmer Model DSC 7 differential scanning calorimeter. Samples were dried in aluminum 
tins at 1G5 C C for 30 minutes. Samples, ranging from six to ten milligrams, were scanned 
locating from -70° to 150" C at 20* O'mimne. After holding at 150" C for 1 minute, the 
JO sample ww cooled to -70° C at 40 e Gminulc, then scanned a second lime to 1 50" C at 20° 
Cmiimtte. The extrapolated midpoint of the inflection in this second beat is reported as 
the T r . 

.(<- 
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Prrpamno n of Coatings 

Coalings of the examples were prepared on 0.0013 inch (38 micrometer, \un) Hiick 
polyester film using & knife coatcr Yielding 0.001 5 inch (38 um) thick coatings after 
5 drying for 10 minutes ot 70' C in o forced air oven. These coatings were conditioned for 
24 hours at 22* C and 50% relative humidity prior tu baling. 

friarnplcs I to *. Comparative Examples A to D 
Copolymers made by batch emulsion polymerization 

10 Into a one liter Monetized split resin flask was charged 1 00 grams of monomers 

(debited in Tabic J below, all monomer amounts listed in grams), 80 milligrams of carbon 
tetnibromide, 124.7 grams of deionized water, 200 milligrams of potassium persulfate, 64 
milligrams of sodium rociahisulfitc, I gram of sodium dodecyl benzene sulfonate, and 
2.5 grams of Mazcm SAM 2 1 1 alkylene poly&lkoxy ammonium sulfate copolymcrizablc 

15 surfactant (available from PPG Industries, Pittsburgh, PA). The head was placed on the 
flail: and a thermocouple, nitrogen inlet, and mechanical stirrer attached. The head space 
was swept with nitrogen at 1 liter pa minute while heating the contents with. infra red 
lamps to about 30 a C and stirring at 250 rpm. About 1 gram of a solution of 28 milligrams 
ferrous sulfate heptahydrate in 50 grams deionized water was charged, the flask scaled, 

20 and a vacuum pulled on the flask three limes, breaking it each time with nitrogen. After 
IS or 20 minutes an exotherm is noted which peaks 20 to 25 minutes later at 55° to 65* C. 
Keactor temperature is increased to about 75' C and held for one hour, and then the 
resulting latex was filtered through doubled over cheesecloth into a jar. In all cases 
moderate levels of coagdlum were opted around the thermocouple and stirring paddle. 

25 

Comparative frcample E 

An acryiate terpolymer such as Hie ones disclosed in U.S. Patent Nos. 4,172,122 
and 4,552,755 is mode as follows. 

Into a one liter bottle was charged 2K0 grams of ethyl acetate, 94.6 grams of 
30 isuoctyi acryiate, 1 10 grams of stcaryJ mctfiacrytete, 1.5.4 g of acrylic acid, and 0.77 gram? 
of 2,2'.azobis(2-mrthylbutyroniLrile), sold by E.P. du Pont de Nemours & Co., 
Wilmington, DE, as Vpto™ 67. The resulting solution was purged for atom 5 minutes 
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with nitrogen at 5 liters per minute, scaled, and tumbled in a water bath at about 60" C for 
about 63 hours. A hazy, moderately thick solution resulted 



rntivc Example F 

A 40% solids solution of 0 AN EX V216 (available from VSl\ and believed to be a 
N-vinyl pvrroUdone/hcsadccene copolymer) was prepared by dissolving aboul 4 grains of 
GANEX V2 1 6 in about 6 grams of ethyl acetate with gentle beating. 



Table 1: Monomer Charges Used for Emulsion Polymerization 



Es ample 


2~EHA 


IBOA 


AA 


MAA 




T»ck (El 


Flexibility 


Comparative A 


70 


25 


0 


5 


-39 


59 


pass 


Coraparulivc B 


60 


35 


5 


0 


-26 


383 


pass 


Comparative C 


55 


40 


5 


0 


-IS 


274 


pass 


Comparative D 


25 


70 


0 


5 


39 


0 


fail 


Comparative £ 


NA 


NA 


NA 


NA 


NA 


316 


pass 


Comparative F 


NA 


NA 


NA 


NA 


NA 


NA 


pass 




60 


35 


0 


5 


1 -26 


0 


pass 




h 55 


40 


0 


1 5 


r -i9 


0 






50 


45 


5 


0 


-13 


29 


pass 




" 50 


45 


0 


5 


-9 


0 


pass 




50 


40 


0 


10 


-13 


0 


pass 




45 


50 


5 


0 


-4 


0 


pass 






50 


0 


5 


-3 


0 




8 


35 J 


60 


0 


5 


IS 


0 





to 2-EHA * 2-cthylhexyl acrytale 
IBOA = isobomyl aerylate 
AA « acrylic acid 
MAA = mclh acrylic acid 
NA e nol applicable 

\i 

As the data in Table 1 shows, Comparative Examples A, B, C, and Fi had 
unacceptnNy high tack values even though they passed the flexibility test. Comparative 
Example D failed the flexibility test because it cracked and flaked off tire polyester film. 
Useful compositions possess high enough cohesive strength to pass tack Vesting and not 
20 transfer residue to the lest probe. Comparative Example F had too low a colwsive 
strength. The T t was not a necessary requirement for determining tack, f.c., T r was not a 
good indicator of whether a sample passed the tack test. But, to pass the mandrel test the 
T t should be below about 35" C. 

-t6- 



( 37 ) 



JP 2004-512292 A 2004.4.22 



Example 9 

Tctranolymer made by sewi-couiinuous emulsion polymcrizatioo 

A solution of 1.0 grams carbon lelmbromide was prepared in *> mixture of 275 

5 grams 2-EHA, 200 grams fBOA, 12.5 enure MAA and 12.5 grams AA yielding 500 
grams of a monomer solution containing 55/40/2.3/2.5 port* 2-EHA/IOBA/MAA/AA. Of 
the total monomer solution. 50 grams was charged into a two-liter split resin flask nlong 
with 390 grams of deionifced water and 0,5 gram of sodium dodecyl benzene sulfonate. 
The head was placed on the flask and a thermocouple, nitrogen inlet, and mechanical 

to stirrer attached. The contents were heated with infrared lamps to about 60* C while 
stirring al 350 rpm. A solution of 1.25 grams potassium persulfale in 20 grams deionrzed 
water was charged, the flask sealed, and a vacuum pulled on the flask four times, breaking 
it each time with nilrogen. The flask was held at 60° C for 20 minutes, then heated to 
SO* C over 10 minutes to yield a seed polymer. A pie-emulsion of the remaining 150 

» grams of the monomer solution was prepared by charging a solution of 4.5 grams of 
sodium dodecyl benzene sulibnale in 201 grams of deionized water to it and stirring under 
nitrogen. This pre-emulsion was added dropwise to the two liter split resin flask 
containing the seed polymer at a rate of 6 grams per minute. The addition took almost 2 
hours. After the addition, the stirring rate was reduced lo 200 rpm and the reaction held at 

20 80° C for two hours, then the resulting latex was filtered through doubled over cheesecloth 
into a jar. lx>w levels of coagulum were noted around the thermocouple and stirring 
paddle. 

g^: q fnpies.|0,a r |d.,n 

25 Tcipotymers made by semi-continuous emulsion polymerization 

Using the procedure of Example 9, monomer solutions of either 300 grams 2 -Ell A, 
175 grams IBOA, 25 grams MAA, and 1 gram carbon ietrabrornidc (Example tO) or 250 
grams 2-fcHA. 225 grams IBOA, 25 grams AA, and I gram carbon tetrsbromidc (Example 
1 1) were polymer irrd. The monomer solution of Example 10 contained 60/35/5 part* 

30 2-EHA/IBOA/MAA. The monomer solution of Example U contained 50/45/5 parts 
2-EHA/lBOA'AA. 
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Example 12 

Heterogeneous copolymer made by sequential emulsion polymerization 

A first monomer solution of 0.5 grams carbon telrabromkle was prepared in a 
mixture of »50 grams 2-EHA, 87.5 grams IBOA, and 123 grams MAA. Of the first 
3 monomer solution, 50 grams was charged into a two- titer split resin flask along with 390 
grams of deionized water and 0.5 gram of sodium dodccyl benzene sulfonate. The head 
was placed on the flask and a thermocouple, nitrogen inlet, and mechanical stirrer 
attached. The contents were heated with infrared lamps to about 60* C while stirring at 
350 rpm. A solution of 1.36 grams potassium persulfate in 20 grams deioniTcd water, was 

to charged, the flask sealed, and a vacuum pulled on the flask four rimes, breaking H each 
time with nitrogen. The flask was lield at 60" C for 20 minutes, then heated to 80" C over 
10 minutes. Of the remaining amount of the Grsl monomer solution, a pre-emulsion was 
prepared by charging a solution of 2 grams of sodium dodccyl benzene sulfonate in 80 
grams: of deionized water to the first monomer solution and stirring under nitrogen. This 

1 5 pre-emulsion was added dropwise to the two-liter flask at a rate of 6 grams per minute, the 
addition taking one hour. After the addition the reaction held at 80* C for thirty minutes. 

A second pre-emulsion was prepared by adding a solution of 2.5 grams of sodium 
dodccyl benzene sulfonate in 121 grams of deionized water to a solution of 0.5 grams 
carbon tetrabromidc in a mixture of 125 grams 2-EHA ; 112.5 grams TBOA. and 12.5 

20 grains AA and stirring under nitrogen. This second pre-emulsion was charged dropwise to 
the two liter flask over the course of 1.5 hours. After the addition, me stirring rate was 
reduced to 200 rpm and the reaction held at 8tT C for two hours, then the resulting latex 
was filtered through doubled over cheesecloth into a jar. Low levels of coagulum were 
noted as a scum floating at tbc top of the reactor. 

25 

Copolymers made by solution polymerization and inversion in water 

into a 120 milliliter glass buttle was charged 24 grams of monomers (detailed in 
Table 11 below, oil monomer <uni.»unh; listed in grams), 120 milligrams of carbon 
30 tetrabromidc, 36 grams of methylethyl ketone, and 72 milligrams of 
ua>bis(isobutyromtrile). The contents of the bottle were swept with nitrogen at about 1 
liter per minute for two minutes, then the bottle was capped and tumbled in a water bath 
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tor 24 hours at about 55* C yielding a moderate viscosity solution. 15 grams (containing 6 
grams of polymer or 8.3 millicquivalcnis of carboxylic acid) of the resulting solution was 
charged into a 250 milliliter round bottom flask containing a solution of 0.67 grams (7.5 
miliiequivalcnts, 90% neutralization) of 2-amino-2-meth}'M-propanol in 14 grams of 
5 deioniztd water with moderate Agitation. The solvent was removed from the resulting 
dispersion by a rotary evaporator set at about 63* C at a reduced pressure of 40 kilopascats 
yielding a milky white dispersion. The resulting dispersions were coated as described 
above. 



10 Tabic U: Monomer Charges Used For Solution polymerizatioo and Inversion 



Example 


2-liHA 


1BOA 1CHXMA 


AA 




Tack(R) 


Flexibility 


13 


12-6 






2.4 


-6 


0 


Pass 


14 


11.4 


10.2 




2.4 




0 


Pass 


15 


10.6 


0 


10.8 


2.4 


i 


0 


l^tss 


16 


8.4 


0 


} 13.2 






0 


Pass 


Comparative G 


6.0 


0 


15.6 


24 




0 


Fail 



CHXMA «c>t>lohexyt methacrylaie 



Example 17 to 19. Corrtparalivc Example H 
Copolymers made by suspension polymerization 

IS In a one liter Mortonixtd split resin flask was charged 240 grams of a monomer 

mixture (detailed io Tabic III, all monomer amounts listed in grams). Added to the flask 
was 6.9 grams Ludox™ 50 (50% by ivt oolloidal silica in water, available from Aldrich, 
Milwaukee, Wl). 3o0 grams unionized water, 0.42 grams adipic acWdictbanol amine 
condensate (a 5(r?4 solids used as a promoter, prepured according to the procedure 

20 disclosed in U.S. Patent No. 5,238,736). and 0.08 grams potassium dicbromale. The head 
was placed on the flask and a thermocouple, nitrogen inlet, and mechanical stirrer 
attached. The entire content inside ibe Bask is mixed. The pH is measured and adjusted 
by adding ammonium hydroxide to a p>l between 4 and 5. The mislure was then 
transferred to a Waring™ blender and exposed to high shear (about 22.000 rpm) for six 

:s mmutcs total, using shear foi about two minutes at a time u» avoid overheating the 
mixture. 

The mixture was then relumed to the Mortonized flask and 0 J6 grams of Vazo 1 * 1 
64 (azo-bis(isobulyjor.ilrile) initiator, available from £.1. du Pont de Nemours & Co.. 
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Wilmington, DE) was added. A nitrogen purge was started and the mixture is agitated 
gently for several minute* to let the initiator dissolve. The agitation speed is adjusted to 
about 300 rpm and the temperature was set at about 60° C The reaction started within 
minutes and was allowed to excihetm. After exonternung. we temperature was 
5 maintained al about 60* C for about four hours. 



Table lit: Monomer Charges Used for Suspension forymeruation 



Example 


Tarts 


2 -EH A 


1BOA 


MAA ?T t (°C0 


Tack(E) 


Flexibility 


Comparative H 


1 70/25/S 


168 


60 


12 1 -43 


135 


Pass 


17 


50/45/5 


12(1 


JOB 


12 1 -14 


0 


Pass 


18 


55/40/5 


132 


96 


12 ) -22 




Pass 


19 


60/35/5 


144 


84 


12 { -25 


Hh 


Pass 



The "Parts" column indicates the parts by weight of ttvc 2-GH A/1 BO A/MAA 
to components. Thus, for Example 17, of the 240 grams of ttie monomer mixture, SO parts 
by weight was 2-EHA. translating to 120 grams. The daia in Table III shows that 
Comparative Example H.had unacccptnbly high taok. 

E xample 20 

I $ Cosmetic example of body lotions 

An oil-in- water body lotion was prepared from the emulsion polymer of Example I • 
as follows. In separate vessels the components of Phase A and Phase B in Table IV were 
heated to about 70* C with mixing. Phase B was added to phase A and homogenized 
using a high shear mixer. After cooling, u substantive, non-greasy, non-tacky body lotion 

20 resulted. Body lotions from the emulsion polymers of Examples 2, 6, 7, 8, 16, and 18 
were prepared in similar fashion by replacing Example 1 emulsion polymer with the 
appropriate polymers from Examples 2, 6, ?, 8, 16, and 18. The percentages in Table IV 
are weight percent of the total lotion composition. 
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Tabic IV: Oa-in-Wolcr DoiK lotion 



Phase A 




Mineral Oil 


10% 


Isopropyi mvristaie 


2% 


Glyceryl stcamkr 


3% 


Stearic acid 


4% 


Cctcth 20 


1% 


Lanolin oil 


0.6% 1 






Pb»M B 




De ionized water 


73% 


Ex. 1 Emulsion Polymer 


5% 


|REC 


U.2% 


Triclhanol amine 


1.2% 



Examples 21 and 22 

Cosmetic examples of moisturizing foundation 

5 An oil-in-water foundation was prepared from the emulsion polymer of 

Example 12 or a one-to-one Mend of the emulsions from Examples 10 and 1 1 as follow. 
A pigment masterbatch ww prepared by milling 80 parts of titanium dioxide with 9.5 pans 
of yellow iron oxide. 9.5 parts of red iron oxide, 0.7 parts of black iron oxide, and 42.3 
parts of talc. In separate vessels the components of Phase A and Phase B in Table V were 

10 healed to 75* C with mixing. Phase A was added to phase B and homogenized using a 
high shear mixer. Cooling under low agitation yields a creamy moisturizing foundation. 
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Table V: Qil-in-Walrr Foundation 



jPhase A 


Example 21 


Example 22 


{Mineral oil 


9.4% 


9.4% 


(tsopmpyi myrwtale • 


4% 


4% 


tGlvceryl stearate 


2% 


. . 2% 


j Stearic acid 


2.6% 


2.6% 








[phase B 






[Pigment master batch 


14% 


14% 


Deionized water 


56.2% 


56.2% 


Ex. 12 Emulsion Polymer 


8% 




Ex. iOEmutsioo Polymer 




4% 


Ex. 1 1 Emulsion Polymer 




4% 


fliccilhin 


2% 


2% 


[Mnenesium aluminum silicate 


0.4% 


0.4% 


1HEC _ 


0.4% 


0.4% 


jTricthanoi amine 


1% 


1% 



Example 23 

Cosmetic example of mascara 
5 An oil-in-w&ter mascara was prepared from the emolsion polymer of Example 4 as 

follow. In separate vessels the components of Plrase A and Phase B in Table V were 

healed to 70* C with mixing. Phase B was added to phase A and homogenized using a 
. high shear mixer. After cooling, a flake-, smudge-, and water-resistant mascara results. 

Mascara horn the emulsion polymers of Example 8 and Comparative Examples A and B 
10 were prepared in similar fashion as was a control with water in place of the emulsion 

polymer. 
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Tabic VI: Oil-in-Wotr r Mascara 



Phase A 




Carnuba Wax 


10% 


Isopropyl royristau? 


6% 


Glyceryl sicartte 


3% 


Stearic acid 


5% 


Black iron oxide 


10% 






Phase B 




Dcmni7cd water 


43.5% 


Ex. 4 Emulsion Poh-mer 


20% 


PVP 


1% 


HEC 


0.2% 


Triethanol amine 


1.3% 



A portion of cadi mascara formulation was coated with a knife coaler onto 0.001 5 
inch (38 mictomcters) polyester film to a dry coating thickness of aboul 0.002 inch (SI 

5 micrometers). After drying nt room temperature for about 24 hours, the coatings »m 
qualitatively assessed for smudge resistance, tack, flake resistance, and water resistance. 
Smudge resistance was judged by rubbing with a finger and seeing how much had 
transferred to the finger. Tack was judged by pressing a finger down briefly and removing 
it, seeing how strong a bond was formed to the coaling! Flake resistance was assessed by 

10 . bending and creasing tiie polyestei film and observing iflhc mascara coating cracked off 
the film. Wain resistance was judged by suspending a 1 inch strip of the coaled film in an 
agitated 32'C water bath for about 20 minutes, then assessing the smudge resistance of the 
Mil! wet coaling. Examples 4 and 8 and Comparative B formed balls of coating on 
rubbing in this test, suggesting that the coating integrity was still good, but Hie adhesion of 

15 the catling to the polyester had been compromised by the wtter. Results are shown in 
Table VI below. 



Table VII: Qualitative Testing of Masearn Performance 



Polvmer Used 


Transfer 


Tack 


Flake 


Wet Traosrer 


None 


A lot 


Lvw 


Some 


Complete 


Example 4 


None 


Low 


, None 


Balls up 


Example 8 


None 


tow 


None 


Balls up 


Comparative. A 


t Some 


Moderate 


None 


Some 


Comparative B 


Some 


Moderate 


None 


Balls up 
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Data for Examples 4 and S showed thai Ihey have ail (he desirable features for a 
mascara application. The control sample containing nu polymer lud unacceptably high 
amount of transfci. Comparative examples A and B also showed some transfer anil 
mode raft tack. 

5 
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WHAT IS CLAIMED US: 

1. A composition in the form of an aqucrois emulsion or dispersion, said composition 
comprising: 

5 (a) at least one copolymer comprising (f) about 10 to 85 weight percent of 

(mcth)acr>late ester of d to Cu straight and'or branched chain alkyl 
alcohol, <ii) about 10 to 70 weight percent of (meth)acrylste ester of a 
saturated or unsaturated cyclic alcohol containing 6 to 20 carbon atoms: 

10 (b) an aqueous carrier, solvent, or vehicle component 

said composition used for cosmetic and personal care applications, wherein when 
said cosmetic application is a hair care composition, said hair care composition does not 
have a rcshnpeabje effect. 

15 2. The composition of claim \, wherein said (oXO component is selected from the 
group consisting of i-sooclyl (mrth)acry bte, n-butyl (meth>acrylale, isobutyl acryinte, t- 
butyl (meth)acry1nte, 2-methylbutyl acrylate, 2-ethylhexyl (meth)acrylate, n-octyl 
(rneth)acryUite, isooonyl (melli)aurytate, Jauryl (meth)acryiate. ocladecyt (mcth)arrylate, 
and combinations thereof. 

20 

3. The composition of claim I, wherein said (oX>i) component is itlected from the 
group consisting of bicycto[2.2.l]heptyl (meth)acrylate; adamfmtyi (mcthlacrylate; 3.5- 
dime1h>iadamnntyl (meth^K-rylatc; isobomyl (meth)acfYkte; lolyl ("mcthjacrylelc; phenyl 
(rnetb)acry)ate; l-butylphenyl (metrOacrylate; 2-naphrhy) (metb)acrylate; benzyl 
23 rnethacryUte; c\«clohexyl mcthacrylatc; menthyl methacryiate; 33,5-trimethylcyclohcxvl 
methacrylate; dicyclopenteoyl (mcth)acrylate; 2-(dic>Tlopenten>ioxy)ethyl 
(methjaorylate; and combinations thereof. 

A. The composition of cJoim I wherein said copolymer furrow comprise* up to about 
30 20 wight percent of a hydrophilic monomer. 
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5. The composition of claim 4, wherein said hydrophilic monomer is selected from 
ttit group consisting of acrylic acid, mcthacrylic acid, N- vinyl-2 -pyrrol Wortc nnd 
combiniaions thereof. 

5 6. The composition of claim I, wherein said composition is formed into o film, Mid 
film having less than about 50 grams of lack when tested according to ASTM D 2979-95. 

7. The composition of claim 1, wherein said composition is formed into t film, said 
film passes the flexibility test when tested according to ASTM X> 4338-97. 

10 

8. The composition of claim 1, wherein said copolymer has average particle size of 
less man about I micrometers. 

9. The conrposilion of claim I used in cosmetic and personal care applications 
i 5 selected Oom the group consisting of mascara, foundation, rouge, face powder, eye liner, 

eyeshadow, lipstick, insect repellent, nail polish, skin moisturizer, skin cream, body lotion, 
and sunscreen. 



10. The composition of claim 1, wherein said hair care composition is selected from 
ttw group consisting of shampoos, conditioners, hair sprays, mousses, end gels. 

11. The composition of claim I having a T e less man 35° C. 



12. The composition of claim 1 further ajmpriinntf ingredients selected from the group 
?5 consisting of emollients, humcctants, prupcllants, pigments, dyes, butlers, organic 
suspending agents, inorganic suspending agents, organic thickening agents, inorganic 
thickenma agents, waxes, surfactants, plarticizm, preservatives, flavoring agents, 
perfumes, vitamins, herbal extracts., skio bleaching agents, hair bleaching agents, skin 
coloring agoils, hair coloring agents, antimicrobial agents, and antifungal ajienlj and 
50 combinations thereof. 

J 3. The composition of claim 1 comprising a blend of said copolymer. 
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14. The composition of claim I , wherein said (b) component is selected from rite group 
consisting of watti, C| to C4 branched or straight chain aliphatic alcohol, and 
combinations (hereof. 

5 

15. The composition of claim 14, wherein said C> to C» branched or straight chain 
aliphatic alcohol is selected from the group consisting of ethaiwl, n-propanol, 2-propanol, 
and combinations thereof. 

10 16. Tbe composition of claim 14 further coroprisiog solvents selected from (he group 
consisting of hexamethyldisilojiene, cyclic silicones, C< to C w aliones, acetone, and 
h>xlrofiuoroelbeTs. 
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